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FUNDAYENTALS OF FLECTRONLC DIGITAL COMPUTERS

M. L. Bykhovekiy

ﬂ'his article explains the basic elemerte and eperation of electronic
computers of discrete (flip-flop, or digital) actlon. The following is an
extract translation; the full tsble of contents with the trarslated sections

merked by an asterisk is prescnted directly beloﬂ.
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Introduction

ka3

Present=day mathematical machines can be divided into two large classes:
Ci.e: analod machines)
machines of continuous nctiox}{ and machines of discrete countin, or num-

erical ('cipher') machines(ie. digital machines),

(e anulo%c) |
Machines of continuous action ) are ¢ aracterized by the tact that the

variables enteriny the mathematical problem to be solved are represented by
definite physical quantities: (such as the angle of turn of mechanical shafts,
electric currents, voltages, ete) which pass continuously through all the
values of the varisblee in the solution area, Such a machine consists of a
large number of physical devices of seversl types in which {devicesT the
mentdoned physical quantities are subjected to transformations corresponding

to definite mathematical operaiions; for exampie, addition, multiplication,
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{ntegratlon, dlifere tiation, iidovewviaben, cto. The «djuatmant of the
meenine to a Ziven mathematieal rroblem consists of omeds jolning these
physical devices in correspondence with the equations written down, but the
galution lg obLained fren the maghine by ﬁ;;iu mpagurins deflnite physlcal
quuntities gorregnondine to the desired veriables, To machines of contin=-
wous ctlon beleng the dLf{erontlal analvzer snd elactronte amnlifler ayutems
for solving ordlnary Alfferetlul equations.

Machines of discrote countlny operute ulth pumbers rerrecented in elpher
Parm and aitomatleally axecite a “Lven seq ence of the forr arithmetical
onerations (addition, aubtrnetlon, mltiplication, dtvlslon) and make selec=
tions from tubles, The solutlon of wuny mathenibieal : roblom tnvolving tintte
erlenlatlons Leads nomely to thene olementary orerationo, Horo tlie problem
1.9 solved not contintously, bnb diseroboly in a definlle nnmberzébepa. On
Lhe othor hond, numerical solitlong of ‘resent=day roblems Ln the noturul
sclances require the presaration of tremendous number of such olcmontory
onerabiong vith many si-nilicant figures. Thorefore such machines must be
hiih=speed ond aubomabic to a hiph dgu?ee. [ﬁobe: iiorefter, "machines of
d-Lsereta‘ counting" will bo called "er maeinos", for simplicitﬂ.

w machines in comnarison .Lth machines of continuovs action suffer
the followln: deficlencles: 1) wreat complexity; 2) necessity for a de=
tailed matiematical prenaration of the nroblem in the form of a scquence of
arithmetical operations; the dlscreteness or discontinuity of tne solving

the
process hinders eno?q wbilization of machines in joint oneration with real

s e i i =

active objects.
digital
Together with theze deficiencles, however, the automatlc dé%erebe machine

poaseses a whole sories of advantages in solving probloms, such as: 1) com=-

i Bl s o

plete universality in the sense that any mathematical oroblem can be solved;
2) unlimited accuracy which is determined in finite calculations by the number
of divisions, or places, in the counterj that is, by the number of significant ;

figures with which the machine can operate.
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digital
Tt 18 necesesary to keep in mind that the acouracy of dbsesede machines

dependes both upon the accuracy of operation in the phyaical devices which
ere modelin: definite msthemitical operations and upon t'e accuracy of
measurement of these same physical quantities, and does not oxoeld1|;b 5
figures. -

Ae for & machines, in conmequence of the very principle of coun=
ting, it is required of physical devices, as employed in this or that class
of connters, only that they possess several (in the simplest case, two)
clearly expressed discrete stat;;;the devices tliemselves can be ruther crude.
For example, electron tubes that are used in the mathematical circuits of

e, analeg macnines
contirouns=gction machinegﬂ}imtt in practice the accuracy of these machines
by several percent bccguge of the instability of the electron tube's char-
acterietic, Bub in m machines thies doez not matter since here all
that 1s required of the electron tube is that it have two states - the cur-
rent flows or the current does not flow ("yes" = "no"), the accuruacy of the
machine depending exclusively on the number of divisions in the counter.
In this way hipgh=accuracy machines can be assombled from such very inaccurate
elements of mass production as electron tubes (the scatter of their char=-
acteristics reaches QO%).

In electronic é‘ ) machines, both eiphers (numbers) and commands,
which determine the necessary cperations to be executed at a given moment of
time, are transmitted in the form of electric pulses with a duration ("width")
of the order of several microseconds (for grester detall see below) and with
a masnitude ("height") of several decavolts; whemewsss, the value of this
or that number or command is essentially determined not by the magnitude of
the pulses but by their quantity. Thus, for example, if the machine operates
on the decimal system, then the cipher 3 corresponds to three pulses etc.

Besides such "dynamical® representation of ciphers in the form of a definite

sequence of electrical pulses, there also takes place in electronic

‘
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{netruments the so=called "etatic" representation in the form of & veria=
tion i@ state of thie or that elementj for exarple, the trensition of en
glectron tube from the roncenducting to the conducting state, the hook=up
of eleotronic relnya,'opc.

The electronic um machine coneiets of the following fundam ntal
blocke: conwnters for exeeution of mathematicel operations) memory apperatus
("the memery") for the retention of intermedlate results of cnlculations
{nput of the necessary teblee of functions ooy ipput and output devices}
and also the block that controls the execution of the automutic sequence of
operations (progrom control, or direction). These blocke are not always
electronicy for mechanical and electromagnetic devices are glso widely em=
ployed here, B0 long as the employment of Lhere comparatively slow dovices
do;snot essentially decrease the high speed of electronic caleulation. For
example, bthe memory {nstallotion can be mede in the form of a combination of:
fast-acting electronic memory ol Limited chpaciiy, in which data that 18
often utilized in the calculation process is remembered} and electromugnetic
(reley) memory or even memory in the form of punched tapes or cards, whose
capacity is unlimited end where dota can be remembered which i1g scldom en=-
countered in the calculational sequence.

As for purely electronic devices and memories, they can be utilized
elther statically or dynamically.

In the first electronic colculators the counters were utilized both for
caleulation and for memory (accumulntore), in consequence of which the

memory capaclty of such machines wae greatly 1imited (up to 20 ten=place

PO s

rumbers). In present-day machines the functions of caleulation and memory

are separate and each of them is offected by separate devices., As & result i
1% turned out to be posaible to have in all several counters and & very ex=

tensive electronic memory of several thousand ten=place numbers.
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As opposed to manual practice in celenlating, in electronic ibpereve digifa\
machines the decimal system 16 not the sole one. The binary system is in
wide use; in it each number is represented in the fornm of & oum of powers of

two. Thus the number 37 is reprerented in the binary system thust

3 = 12 4 0.2 + 0:2° 4+ 3022 4 02" + 102°, or 200 201,
Thus the cipher of esch divieion, or place, is elther O or 1. Thie property
of the binary system ie exceptionally valusble, since it mekes possible in
a very essy way the storage of a great number of ciphere in the memory.
Thus, each place in a binary number con be remembered by any slement having
- two stable states ("yes" = '"no n), corresponding to 0 and 1, This can be
the conducting or nonconducting state of the electron tube, the absence or
pr.sence of a churce in a small capacitor (static memory), the absence or
presence of an electric rulse at & given mement of time (dynemic memory).
Anbther important property of the binary system is the ability to execute in
a simple way the operation of multiplication in connection with the absence,
in this system, of & multiplication table. Actually, since the cipher of
each division is O or 1, the multiplica.ion by a given division consists of
a repttition (at the corresponding division's position) of the multiplicand
or of a transition to the following division of the multiplier. For ex-

ample, the multiplication of 1, x 5 in the binary system is carried out in

the following manner: 1110 (E ,,_'_)
2101 (z 5) ¥!
111 0O §
: (I OO__ !

]
loco | | O or )2l 2% -2/ =70

o B e

Consequently, in operations with the binsry system multiplication can be
effected by means of ordinery adding counters that are supplied with the

proper directions; thus multiplication tables are not needed.

The third advantage of the binary system is the fact that the circults
themselves for electronic caleculation in this system are simple in compari=

son with those using the decimal system and the number of electron tubes

-5 = .
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required for thie clrouit turne out to be less, inspite of the fact that the
number of divielons (places) needed in the blnary syctem 16 approximately
three times as yreat as in the decimal system,

Actuelly, in a eystem of caloulation a minimum number of clements is
required such that all the numbers from one to a cortain number A are poss-
ible., Let the number of ciphers in a divieion for a glven system of counting
be n (the base, or radix, of the system) and let the maximum number of div-
isions be pj that is, A = nP, Let one element (for example, one trigger mesh,
See below.) be necessary for realizing each clpher., Then the necessary num=
ber of elements will equal N = nep., Seeking the minimm N under the con=
dltion A = nP (with N = nep), we easlly obtailn that n= e = 2,718
corrcsponds to minimum N, in consequence of which it is necessary to set
n=2orn=3 For example, to realize numbers up to 106 in the decimal
system we wonld require 60 elements; in the binary system, li0 and in the
ternary, 38, The ternary system, althoush it requires the least number of
olements for calculation, is much less convenient than the binary, since
here three positions and rnot two would correspond to each division. The
binary in comvarison with the decimal system gives an economy of elements
1.5 times. (In practice an economy of 3 times can be uttained since in
the binary system one clement can be used for the representation of two
cirhers according to the system "yes" = "no'),

It ie'glao possible to employ a composite "pinary=-decimal system", where
the number is laid out oﬁ the divisions according to the decimal system, but

the ciphér of each division is expressed according to the binary system.

For example, the number 6 is represented in this system as (L110) ard the

number 86 is exnressed as (1000), (0110) where the first parentheses are

in _the ten's place, wri’oter} in the binary system, and the second parentlieses

_are in the unit's place; Here the properties of both the decimal ard the

binary systems are mixed. For example, this system is like the binary system

-6 -
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in its simplicity of operation with addition and multiplication and its

"memory". The number of elemerts in the counter circuit here is somewhat
grouter (for example, 18 elements are necessary to realize all the numbers
up to 106); however, this latter fact is not decisive, since the "speolfic
gravity" of the counters (in the sense of the amount of equipment) is not

considerable in comnarison with the memory blocks and operatlon controls.

& Memory Cells; Valves; Separutor Circult

As we have already noted, in electronic machines of discrete cale
culation o clpher or commend of the program control is transmitted with the
ald of electrical pulses, If the block that "perceives" the pulses is based
on a atatic princinle, then the fact of ite receiving these pulses s ould
reflect in the block's veriation of state; that is, the block should possess
static electronic memory. One of the most widely used elements of atatic
memory Ls the memory cell (Figure 1. ilote: all figures are attached in
the appendix), which consists of two triodes (electron tube with three
electrodes = cathode, zrid, anode) and poss:sses two steble states. In one
stable state the left triode conducts a current, but right one does not.
An opposite picture corresponds to the other state. (Note: Such a cell is
often called in radar literature a trigger). Actually, let the left tube
conduct & currentj then in consequence of the voltage drop in its load res-
istance Rl the potential of the tube's anode will be low, but the voltage
on the grid of the right triode, which is connected to the anode of the leit
one through the resistance RB’ will be lower than the voltage of the cut-off
(the minimum voltage on the tube's grid, for which an ancdic current appears).
The right triode appears to be c¢losed ("Locked"), In view of the fact that
the current through the right triode does not pass, the potential of its
anode will be high (in consequence of the absence of the voltage drop in the
resistance Rz); but, consequently, in the grid of the left triode that is
connected to the anode of the right resistance Rh there is a high voltage
which maintains the conducting state of the laft tube.

-
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Transition to the other stable state can be effected by way of an input
of positive pulse to the grid of the right tube., Whereupon the voltage on
the anode of the right tube eharply falls. This negative pulse (voltage
drep) is tranemltted (mainly through the capacitor Cl, which presents for
the sharp pulse a very small resistance in comparison with Rh) to the grid
of the left tube, which is closedj in consequence of this the voltage on
its snode is increased and oconsequently the potentisl of the grid of the
right tube increases, which mainteins the new stable state. The memory cell
has been rendered "throvn over" to a new state equilibrium. Note that the
reslatances 33 and R), serve to "restrain' the stable state, since in the
static state the imnedance of the capacitors C equals infinity in the time
that the capacitors C serve to "throw over" the cell from one state to the
other. The greater these c:pacltors, the more sharply the throw=over turns
out to be. However, the me:nitude of these capicltors cannot be too great:
it 1is limited by the time required by the cell ln preparation to receive
the new pulse; that is, the time constant RSCS - Rhcl muet be considerably
less than the interval between the successively incoming pulses. Ordinarily
one takes Cy = 02 = 20 to 25 micromicro=farads and R3 - Rh = ;7000 to 51000
ohms (for tube 6N8). Whereupon the transition from one stable state to the
other proceeds in the course of about one microsecond, but the cell remains
ready to receive a new pulse in i miecroseconds, This time can be signif-

Lstecp ehavactenisticd,
icantly compressed by the employment of tubes with great sharpness/‘F
as for example the 6AKS etc. Actually; there are not two tubes, but one,
the so=called binary triode; which is essentially two triodes placed in one
container.

Thus the entry of a pulse intc one of the inpute of the trigger cell is
romembered in the form of a throw=over of the cell of one stable state to
the otherj that is, in the form of a voltage incr;ase or drop at the static
output (Figure 1). If we connect an indicator, gay & neon lamp, to any
stetic ocutput, then the pulse will be visually remembered in the gorm of

-8 -
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ivs glowing (or extinguishing). In Flgure 1, the input pulses are supplied
to the mide of the tuves. However, they can be guceessfully supplied te
the ancdes of the tubes or to the cathodic oircuits. In Figure 2 is shown
one practical clrouit scheme of a memory cell (on a binery triode ON1P),
where the conducting half of the tube ie hé‘%hurud. Here a negative die=
placement to the tubes' grids (relative to the cathode) is effected because
of the voltage drop in a resistance of 10,000 ohme, which 18 in the oircuit
of the cathode of the 6NLP tube.

An:iiothar importont element iz Lhe electronis valwe (tnwbe) which effects
the hookup of this or thut circudit under the actlion of & opecial controlling
electricul pnlse, The simplest valve for positive pulses i# the alectron
tupbe 'sLth two control srids (for examnle, ventagrid ALSB, Figure 3), In
the normal state, poth grids are under great negative t}%ﬁ;%n = namely,
voltages e and ec2 - in congequence of which the tube is closed. The
tube will conduct M@ ocurrent if grid 1 and grid 2 are simultaneously sup=
plied with positive pulses; wema a voltage drop wilf:ggka place at the anoda;
which-(;L:p} will be transmitted in the form of a negative pulse (through a
capacltor) further into the circuit., Thus the positive pulse ab inpub 1
will be transmitted to the output clrcult just when the valve (tube) is
onened by a control pulse that is supplied at input 2; thet is, such a tube
carries out the loglcal operation "bothess and" (at the outpul appesss—e-
puls:Ao;i; when the pulse u takes place at grid 1 and at grid 2)., The volve
circuit is often realized with the atld of diodez (two=-element tubes). ig=
ure li represents such a valve clrouit which consists of a binary diode (for
example, bKh6) and resistances Rz and RS' A control pulse is supplied to
AB, namely from the point A to the point B. In the absence of a control
pulse, the input pulse, by proceeding through resistance Rl is practically
short=circuited through one of the diodes depending upon the polarity of
the pulse and doss not strike the output busbar. In the presence of a con=
4rol pulse in AB, 8 current proceeding through Ko and K3 creates in the

anodes of the diodes a large negative displacement relstive to the caﬁhode,

CONFIDENTIAL
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in consequence of which they seem to be nonconducting :nd the input pulse
witheut being shunted enters the cutput busvbar. Besides the diodes one can
use golid rectifier elements (germanium) (Figure 5); whereupon the circuit
becomes very small.

Another valve (tube) clrouit which creates a pulse at the output upon
the simultaneons presence of positive pulses at three inputs (logloal oper=

- atton 8 "ond ceo and ¢ oo and") ie shown in Figure 6., Here, when pulses are
absent at the three inputs, all the diodes condiict a current, in consequence
of which the grid of the triode is undar a low potential and it is norinally
closed, Such a state will exist all the time, as long as one diode will
conduct current., In the case of a similtaneous supply of positive pulses
to all the cathodes of the diodes, the latter ones are closed, the poten=
tial of the grid sharply increases, and a positive pulse appears at the
output.

Leb us consider one more elementary circuit of eloctronic muchines, the
so=-called "separator" circuit. The problem of the separator circuit is this:
having several input lines, connect them ~ith the cutput lines without con-
necting them among themaelves (leaving them geparate"). Whereupon esach of
the input lines can transmit & pulse only to the output line, but not to
any input line. The pulse in the output line can be transmitted either from
the input of No. 1 or from the input of Ne. 2 (the logical operation is

- neither +ee or").

The simplest separator circult which consists of a binary triode with a
total anod‘i load (resistance R) is represented in Figure 7. The input pulses
are supplied to the grids of the tricdes and are transmitted unimpeded to the
ano&§§ cireuit; however the input lines themselves are not connected among
themselves.

Another separator circuit with three inputs is shown ink%igure 8, with
the absence of pulses at the inpubs, a1l the diodes are closed and the grid

of the right triode is under great positive potentiel and, consequently,

- l0 =
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they oconduct a current, When a negative pulce is oupplied to any of the in=
puts, the corrnerondi’hg diode becomes conducting, in consequence of which
the potentisl of the triode's grid snharply dreps, the latter is closed, but
the potentisl of its anode increases suddenly, ercating at tﬁc output a
positive pulse, It is easy to see that in this eircuit seheme all three
input lines are separate. lore also besides the diodes one can use ger-
nanium rectifiers, The three ferms of elementary circuits discussed are the
Tundamental "hricks" (units) from wi.dch one constructs the most complicated
calculating and contrel circuits of nlectronic machines, In the following
pararreph we shall show how circuits for the axecution of mathematical oper=

ations are composed of these indicated elements,

o, §. Counter Circuits

As we shall see below, the basic operation in electronic mathematical
machines is additien. All roemalning mathematical operations = subtruction,
multipllication, division = are reduced in one way or another to this basic
opereti'bn. Consequently, we shall Begin with a discussion of counter cir=-
cuits © hat execute the addition operation, or, as they are called for short, |
'counters',

In electronic machines that compute according to the decimal system, the
counters (counter circuits) operate according to the principle of 'simul-
taneous ordered calculation' (parallel operation)., The individual category

v of & counter (so-called 'counter ring') is the elementary counter circuit

BN e st

b for the addition (or subtraction) of one-place (single-valued) numbers,

f First the ciphers of the categories are sdded up simultaneously and in order.

If as a result of addition in any of the categories there must occur a
lcarry=over! of a ten to the following category then this: is remembered and k
the process is carried out at the completlon of ordered summation. The

counter ring of each category is Joined, with the aid of its conductor, at

-1l =
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the proper time to the countar ring of the corresponding category of another
counter oircuit and rececives (' poroolvu') the oipher of the given category
in the form of electrical pulseo) whereupon the number of pulees correspopd
to the perceived oipher (for oxunple, the cipher 6 corresponds to six pulses,
ate). For the present we shall set aside the question of how these pulses
are formed, but we ghall discuss the process gove'ming their reception and
sumnation. A strictly counter ring of one cutegory without supplementary
'oarry=over' circuite, subtraction, ete. consists of ten memory celle joined
in a2 ring so that the left stetic output of each preceding cell is connected
through a separater capacitor of 50 micro-micro FAt{: the left input of the
following cell. ALl these cello are numbered by the eiphers O, 1, 2,49
(see Figure 9), The normal state of a memory cell will be considecred that
for which the right tube conducts & current and the left does not. The
opposite state will Le culled excileds In Figure 9 #11 the memory cells,
excluding the zero cell, are {n the normal state. The excited state of the
zero cell can be observed visually in the form of a glowing neon lamp cor=
respondihg to the cipher O, Thus, in the counter ring represented in Figure
9 the cipher O is established (the category is erased).

In the memory cell of our counter ring the input I throwing=over' pulses
are suqbplied not from the network side but from the cathode side; here, &
negative pulse at the cathode is equivalent to & positive pulse at the gride.
All input terminals of the right tubes (cathodes) are connccted together and
form the input line of a counter ring. Then, fneeding a negative pulse to
this input line ig equivalent to feeding & p"ositive pulse to the grid of
all right tubes, We assume thet all cells are in the normal state and only
one is in the excited state (the cell under number 0). Then, an impulse
that is fed to the input line acts only upon that cell which is in the ex=-
cited state, by I throwing over' the cell to the normal state. (Note: This
pulse does not afi‘eqt the cells that are in the: normal state; therefore, &

18
positive pulse thathsupplied to the grid of the conducting tube does not

-12 =
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change the state qf equilibrium of & cell), Here, a poeitive pulse arliees

in the left static output of this cellj this pulse le trensmitted to the grid

of the left tube of the following cell and 'throws over' the cell to the

exolted state, Thus, the arrival of each subsequent pulse to the input line

transfers the state of excit ation to the cell of the following number (to 3

the following stage). If now we agree that the number of the excited stage ‘

shall signify & oipher that is get up in the counter ring, then the arrival

of each subsequent pulse will correspond to the addition of a unit to the

cipher set up. The arrival of three pulses will correspond to the addition

of the cipher three ete. During transier ('carry=over') @s a result of the

additio n of ten, the supplementary circuit (see:belok).perceives' the need

for carrying over, and the same counter ring is set in correspondence with

the cipher of units of the ring is set in correspondence with the cipher of

units of the obtained two-place (double-vnlued) numbers., For example, let

the counter ring remain o~n cipher 6 (in the excited state the cell is found'

under number 6) and at the input let 7 pulses be supplied. Then the counter

ciroult ,oes through successively the stapes 7, 8,9, 0,1, 2 and remalns

on the 3-rd stage (6 + 7 = 13). However, du"ring transfer of the excited

state from staye 9 to staye O the need for transfer (carry-over) is 'detscted’

by the supplementary circuit, which (transfer) is thereupon efiecteds In

order to observe the operation of a cqunter ring at the right static output ;

of each shage one can connect*?.;,ia. rstr:n';l neon lamp which will glow whenever
H the given stage is in the excited stage. Thus, the number of the glowing 1
lamp indicates what number is established in the given counter ring. ‘

Above we have assumed that at each moment (in this number also the orig=

i inal one) only one cell of the counter ring is found in the excited state.

This ensures the ability to assign to the grid of tubes a constant negative

voltage which de termines the operating regime (state) of the tubes (grid

bias). This negative voltage is created by connecting a special blas res=-

is tance to the cathode circuit, the voltage fall in which (resistance), due

-13 =
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to the ancde current in the tubes, also creates & negative potential of the
grid relative to the cathode. However, ’ﬂ the cathode cirocuit of"foi‘t tubes
a large bias resistance is connected (19700 ohma compared to 16,0 ohms for
the right tubes, in consequence of which onw,\le!’t tube can sheubtansceuly
aY any qivrw insTance
o onduct curnnt,\(thnt is, only one cell ,oa.nbbe excited), aino; the grid
biuA m for two conducting tubuﬂuon 80 large that nllplert tubes
iZe-ctenh wou’cL Le Cu‘t o{f.

The extreme left tube (in the input, Figure 9) is an inverter (6L6).

Its job consists of converting the incoming positive impulses to negative
before leeding them into the ihput cathode 1in"e. In the normal state the
tube is closed and, therefore, its anode potential is high. When & positive
impulse is fed to the grid of this tube it begins to conduct a ourrent, where=
upon the voltage on ita annde sharply falls: that is, a negative impulse is
created,

The tube 6U6 (in the lower r:lght-hnnd corner, Figure §) serves to extin=-
guish the counter ringy that is, to set it at zero. The anode of this tube
is connected with the grids of the right tubes of a1l the stages 1=9, with
the exception of stage O, where it is connected with the grid of the left
tube, The grids of all the remaining tubes are connected across 1200 ohms
resistence with the cathode of tube 6US (through the common terminal 8%b).
In the normal state the tube 6U6 conducts a current, and because its internal
resistance is approximately equel to 1200 ohms, then the grids of all the
tubes possess an identical grid bias. In order to extinguish the counter
ring a negative "extinguishing impulse" is fed to the grid of tube 6Ub,

The tube is closed, with the result that its e.ncd%q potential suddenly rises.
Then the grids of the right tubes of stages 1=9 and the left tube of the 0

stage receive a positive impulse which puts stage O in the excited state and
all the rest in the normal state: that is, the counter will be extinguished.
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The static outputs of the right tubes of all staies of the counter ring,
called the statio outputs of the individual atages, lead out from the counter
ring ad serve (in the case of necesaity) for the static transmisaion of
ciphers acoumulated.in a viven oategory (see below about the electronic table
of multiplidation),

Hefore passing on to a further consideration of the operation of a counter,
as, Y example, the carrying over of tens, the transmission of numbers Irom
one counter to another, etc., let us briefly investigate the system of ime
pulses which direct the operation of the electronic machine,

Depending on the type of operation of the machine (in parallel or in
series), on the system of memory, ond on the synchronization, the operations
of the whole machine are based on this or that system of impulses, produced
by a special gencrator. 4s an example let us emamine the system of impulses
on which the operation of the above described counter is founded, The impulse-
generator creates several series of impulses, repeated every 200 microseconds
(the machine's cycle of operation). Each of these series is transmitted on
its own individual lead and passes through the valve device at the proper
moment into these or those circuits. In the course of one cycle one elemen- 1
tary operation can take place in each block, such as: addition, subtraction,
or transmission of & number, The whol e cycle is split into 20 intervals of
10 microseconds each., The first ten intervals serve for tlie orderly arithe
metical actions (addition, subtraction, transmission of numbers), and the

second ten intervals for the auxiliary operations = carrying over of tens,

s e i e W

extinguishing of the counters, changing of the connection with the aid of
the reversal of the valve tubes, etc. Spacing of the separate series of

inpulses over the intervals of a cycle is represented in Flgure 10, In this

‘ﬂ:
|
¥
b
;

figure the intervals of the cycle are plotted on the horizontal axis, and
the individual series spaced on the vertical. 'The purpose of each separate

series of impulses will be explained below, but in the meantime let us note
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that all the impulnes (eside from the lung impulse controlling the velves of
tranemisaion) are about 2.5 microsecends in length, and the minimun interval
petween them is equal to 10 microseconds.

Let us now broek down in detall the operation of one cutegory of the
counter, the gkeleton diagram of which is represented in Figure 11. In each
counter there are ten such categories for the remembering of a ten=place
number and one binary cetegory (the normal memory cell) to fix the signe
The individual stajes of the counter ring are representad in the Lorm of half
crosshatched rectanglee, numbered from O to 9. The ring is shown in that con=
Giticn which exints when the ninth stage is in the excited state: that is,
in this category the number 9 ls specified, Let our counter in the course
of the gliven cycle be mede to perceive & certain number, Then the program
impulae in the seventeenth intervel oif the preceding cycle (Figure 10) throws
over the memory cell (see below on propram control), which controlé valve 2
(Figure 11); the 1atter finds itself in the "on" state and connects our counter
ring to the line of the eorresponding cotegory of the numericsl busbar during
the given cycle. The impulses entering from the bushar pass through tubes
number 3, L, end 5, designed to correct the form of an impulse ("impuloe=
etandardizer"), and pass through the inverter type 6 (tube 6L6 in Figure 9) é
into the common input of the counter ring. Here the counter ring ngums" to ‘
the number of steges corresponding to the number of nerceived impulses. If

the state of excitation of the counter ring during this "turn" passes from

o b

the ninth to the zero stage (for example, 8 + g = 13), then & carrying over

of one to the ring of a higher category must take place. However, this car= i
) rying over cannot be accomplished immediately, since gt this time the ring

of the higher category is also receiving impulses from the pumericel bushars

v l The fact of carrying over 4 yemembered in that 1t was accomplished between
é the eleventh and geventeenth intervals of the same cycle. Tt is carried out

in the following manner. The static outpub of the ninth stage controls the |

velve 7, one of whose inputs is connected to tube 5 of the input circulte \

-1l =
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When the counter ring "decides" on the cipher 9, valve 7 opens, and the fol= !
lowing impulee from the numerical busbar, shifting the ring frem the ninth
stage to the zero, pasges also valve 7, tube §, and throws ever the memory
eell of carrying-over (tubes 11-12). Here valve 8 of carrying-over openss
True, the impulce from velve 7 aleo enters through inverter tube 22 to valve ;
2, however here it is out off, since vilve tuve 2, controlled by impulse |
ccG (Figure 10), is olosed up to the 1lth intervel. In this way, ss & result
of the shift of the counter ring through ten, to the eleventh intervel, the
memory cell of carrying-over (11-12) is thrown over, and the valve of cerrying
over 8 is opened, As ccncerns the counter ring, the category of ones as &
result of addition is left behind in it (in the example 8 + 5 = 13 the counter
ring is set on the cipher 3),

the sotuul cerrying over tekes place between the eleventh and seventeenth
intervels. For the duration of this fragment of time the leny impluse CCG
enters from the generator, opening valves 23 and 24s In the thirteenth
interval the first impulse of carrying over RP (Figure 10) passes through
velve 8, inverter tube 21, volve of carrying over 23, and enters the input
1ine of the following, hipgher cutegory, moving it to one., This same impulse,
passing through valve 8, also enters tube 10 and throws over the cell of
carrying-over (11=-12) to its original state: that is, it prepares the system
for the next cycle.

One such carrying-over can call forth snother, the second a third, etc.,
for if the category receiving the inpulse of carrying-over is already set at ]

9, then a further carrying=-over must teke place. This is accomplished with

the aid of tubes 7, 22, and 24, Let us assume, for instence, that the counter 1
ring (Figure 11) is set at 9 when an impulse from the nearest cctegory on

on the right enters the impulse-standardizer. Since the counter ring already

i
L
¢
’
t
3
&
i
A

stands at 9, then valve 7 is opened, and this impulse (beside the fact that

b
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it cerries over the given counter ring Ifrom § to 0) pacees through tubee 7,
22, and 2l to the following catepgary. (ﬂote| This impulse aleo throws over
the cell of cerrying=over (11=12). However, the latter returns to its orig=
insl state after the gecond impulee FP, entering valve B in the nineteenth
interval (see Figure 10).)

The neceasity of such succegsive cerrying-over explaine why the impulee
which apeng the velves of cerrying=over (23, 2) must last 50 mlcroseconds
after the firnt impulse FP cousos the corry=-over. In the most unfevorable
caga twonty successive carryings-over must take place. Let us consider, for
example, the addition of + 1 and = 1 on & twenty=place counter (the coupling
of two ten=-place counters). The negative number -1 is stored in the form
M 99,999,999,999,999,999,999 (in the form of addition to 1020, where M sig-
nifies thut the binary counte™r of sign registers Wminush, If + 1 is added
4o the number contained in this counter, then one {mpulse will be sent into
the unity category and none into the other categories, One impulae, entering
the unity ring, shifts it from 9 to O and throws over the carrying=over cell
(11-12) of the unity category. when the execution of cerryiny=-over begins,
the first impulse R passes through tubes 8, 21, and 23 of the unity cutepory
into the ten catepory; since the ten cutepoly alresdy stends at 9, then it
(the impulse) shifts it to 0, and through tubes 7, 22, and 24 of the ten
category passes into + e hundred category, stec. 'This process is repested
on the whole twenty times, until the indicsted impulse hes shifted the ring
of every category from § to 0 (except for the unity category, already standing
at 0), and the tinary counter of sign from M to P (plus), thus leaving the
nurbers 0 (1 =1 = 0) in the counter. Ixperimental research has shown that
25 microseconds are necessary for the complete twenty-fold carrying-over.
With a reserve coefficient of 112, 50 microseconds are get aside in each

cycle for this carrying=-overs

- 18 =
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Further, let us, examine the procece whereby & number ie transferred
frem one. counter to another, Here the tusk consiste of converting the stetde
representation of a number loc;ted in & decimsl ring into the dynamic, impulse
form. 1L it is necescary to transmit a number for additisn, then the number
of impulses going out through tube 16 is: equal o the oipher contained in the
counter ring. If it is neceseary io transmit a number for subtraction (which
is executed in the form of addition of the number, supplementery to the given
to 1020), then the number of impulses going out of the counter ring through
tube 15 and the separatar circult is enuel to the difference between § and
the cipher contained in the counter ring. (Note: iiere in each category
addition is carried on up to 9. In order to obtein the number supplementery
to 1020, it is neceQaary to add one more impulse to the output busbar of the
unity crtegory, this impulse beiny called the supplement impulse. A special
impulse, sent into the unity category, into the tenth interval, serves in
this capacity (impulse 1'P = see Figure 10).). Thus each category of the
counter possesses two outpute: thne output of subtraction and the output of
addition.

For the transmission of & number from the counter ring a seeies of ten
impulses = 10 P (Figure 10) = is employed which is introduced into the counter
ring through the separstor tube 1 (Figure 11). These impulses "turn" the
ring a full revolution through 9 and O to that value on which it was earlier
located. For example, if the c}pher 3 was set in the ring, then through the
action of the 10 P impulses the ring passcs through 9 and 0 and again stands
at 3, With the shift of the counter ring from 9 to O the memory cell of
carrying-over (11-12) is thrown over. In our example this takes place during
the sixth interval., Before the cell of carrying-over was thrown over the
valve of subtraction (tube 13) was open, but after the throwiﬁg over the
valve of subtraction is closed and the vulve of addition (tube 1L) is opened.
Thus in our example the valve of subtraction is open from the middle of the
zero interval to the midd’ie of the sixth, and the velve of addition from

”
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the middle of the sixth to the middle of the ninth, Consequently, if in the
courae of the given cycle a series of nine impulses (sexies SP in Figure 10)
is applied to the valves 13 and 1, then six impuloes of this sories will
pass through the output of subtraction snd three impuloes tnrough the output
of addition: that is, from the output of addition we will receive in impulse
form the number stored in the counter, and from the output of sul'traction its
supplement, The counter ring iteelf remaine in its original condition. We
notice that when the number is trensmitted from the counter the cirouits of
decimal carry=over are disconnected, and that this cen be accomplished
through shutting off (by means of a valve) of the impulse CCG from the counter
ring, At the end of the trarsmissinn nf the number the cell of carrying

over (11=12) is returned to its originel state by the impulse RP (Figure 10).
The output cipher impulses are transmitted thrcugh the separator circuits to
the lines of the numericel busbar.

Further, let us consider another principle in the construction of a
decimal countér, We will construct each category and, consequently, each
counter ring from four memory cells connected in series which will be in
essence & four category binary counter. Ior this we do not make use of the
full "capacity" of such a binary counter, for it is able to represent numbers
from 0 to Zh = 16, but only part of its possibilities, since it ils sufficient
for us to possess representations of numbers only from O to 9. The circuit
diagram of one counter ring (one category) of such a counter is represented
in Figure 12,

Tnput impulses are fed to the resistance R of the first memory cell
(first stage). When the counter is in the extinguished stute, that is, the
cipher 0 is set, all the right tubes conduct current, while all the left
tubes do not conduet. Consequently all neon signal lamps are extingulshed,
and if the given ring is to be considered as a four category binary counter,

then the number (0000) is set on 1t. .An entering negative impulse across
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resistanons Hl and Rz 1s fed to both grids of the first cell, Hereupan the
first cell is thrown over inte the exoited 6tate, that is, the left tube of
this cell begins to conduct current, the plate potential of the right tube
rises, and the first neen bulb liphts up = the number (0001) set in the
counter. On the entry of a second pulse into the input the first cell is
thrown hack over into the normal state, and the nepative impulse created as
& result ol the drop in grid polentisl of the left bulb passes through the
capacitance into the second memory cells, throwing it into the excited state -
the number (NO1N) is set in the counter. 1The third impulse brings our system
into the state (i'N1l), eto., ‘hus the circuit actually operates as a four
category binary counter whose input impulses (numbers) ure fec only into the
unity category, end not into all four categories simultaneously, This guare
antees that in such a serles connection of memory cells each successive cell
receives an impulse only when the preceding cell has changed from the normal
state to the excited and then bank apain to normel; that is, has executed
the two operations of the binary system: 0N+ 1 = l31+1m= 6{ (into the
following category),

In the realization of this circuit it is necessary to take R2>>H in
order that the input impulse in practice enter only the first cell, the im=
pulse from the first only the second, etc,

Moreover, since the input impulse is fed immediately into both grids of
the memory cell, for the definitiveness of the change from one stable state
to another the duration of the input impulse must be less than the duration
of the internal crossover impulse from the plate of one tube to the grid of
another (this impulse properly throws over the system)s In the contrary case 4

a lingering input impulse will maintain both tubes in a nonconducting state 1

(& state of unstable equilibrium) s Whose output at the end of the input im=
pulse will be indeterminate, The duration of the input impulse is determined
by the time constant of the input eircuit RC, and in order to guarantse the

above specified case, we must take
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Since the cirauit pictured in Figure 12 sppears as & counter category of
a counter conatructed according to the decimal system, it must possess oire
ouits compelling it to return to the ariginal pesition (00N0) after receiving
the tenth impulse and it muet send the impulse inte a carrying=over oircuit,
This 1 8 accomplished by the two cross connecting linee shown in Figure 12
by the broken lines. (Note: We will notice that in the absence of such
special compelling circuite our ciroult would carry out the indicated oper=-
ation only after receipt of the sixteenth impulse, since Zh = 160), Before
receipt of the tenth lmpulse the counter ring is in the state (1001), that
is, the first and fourth cells excited, while the segond and third are in
the normol state, On receipt of tie tenth impulse the counter ring changes
back to the normal state and through capacitance C changes the second cell
to the excited state (although actually this does not take plaobeeé% ﬁe
"gontrary" impulse entering from the cross connection, see below), and
through capacitance Ca of the supplementary circuit transmits a negative im=
pulse to the grid of the left tube of the fourth cell, This impulse changes
the fourth cell to the normal state, whereupon & negative impulse enters
through capacitance C5 into the circuit of carrying=-over (in the following
category). With the change of the fourth cell into the normal state a
positive impulse moves through capacitance 06 and the cross connecting line
(broken line) to the grid of the right tube of the second cell, preventing
the change of the second cell to the excited state after receiving the neg=-
ative impulse from é\he first cell, Thus after the arrival of the tenth
impulse the counter ring is set in the position (0000), and through capa=
citance GS one impulse of carrying=over will be transmitted.

The values of the capacitances C. and Cb’

80 selected that these supplementary circults do not interfere with the normal

and also the separator R6 are

count of the category from O to ten. The machine we have obtained is com-

that
pletely equivalent in its external characteristics to the ongAre examined
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carlier which was composed of ten memory cells, However here we obtain a
substantial economy in tubes (by 2.5 times), Concerning the circuits of
carrying-over, the determination of a number, the tormation of the supple~
mentary number, eto., it is possible to apply all the same circuits that are
employed in counter rings with ten cells.

Further, let us examine counters which operate on the binary system,
The ciphers of the binary system (0 or 1) appear in electronic machines as
the presence (1) or absence (0) of an eleotric impulse, In parallel oper=
ating counters (whore all ciphers of a given number are fed simultaneously
into their own counter categories by separate busbars) each cateyory repre=
sents one memory cell. One stable state corresponds to the cipher 0, the
other to the cipher 1. In this counter (as in other rarallel operating coun=
ters) the whole operation of addition consists of iwo parts - basic addition
and the curryinge-over of "tens", BRasic addition consists of the change-over
of the counter category (cell) under the iniluence of an incoming impulse
(which is the only significant cipher of the binary system) from one state
to the other, If the cell stands at O, then we get 0 =1 = 1, while if it
stands at 1, then 1 #+ 1 = 6; (into the carrying-over circuit). Concerning
the operation of carrying-over, it may be accomplished by two methods. The
first method is the same one used in the decimal system counter described
above, The carrying=over is prnduced by & special carrying=ever impulse
passing through all categories of the counter where a system is employed
which is analogous to "nine warning" in the decimal counter, with the result
that if carrying-over originates in the preceding category, but the category
considered already stands at 1, thennthe carrying=-over impulse enters not
only the category considered, but also the following (compare valves 7, 22,
and 2, Figure 9).

The otﬁﬂer system consists of the presence of two more carrylng-over
counters in addition to the basie counter, In the first cycle the oper=

ation of basic addition takes place; the carryings-over originating then are
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stored in the first carryingeover counter., Then the number of carryings=over
from the firet counter enter the main counter in the form of items; the
carryings=over originating ot this time are stored in the second carrying=
over counter, Af'ter this the number of carryings-over [from the second counters
are fed in the form of items to the nain counter, and carryings-over are
stnred anew by the first counter, etc. until both carrying-over counters are
extinguished,

The carryingeover circult can be eignificanily simplified if the conse-
cutive operation system of the binary counter is employed. The system of
consecutive operation consists in the carrying out of ordered addition not
simultaneously, but successively, category after category, beginning with
the lowest, 'Then the circuit of the birary counter will pousess the form
representad in Figure 13. At first addition tekes place in the unity cate-
gory. JMter the cell of the unity category has changed into a new stable
state the carrying=over impulse (if it takes place) enters the decimal cate=-
gory through the capacitance C and the separator diode (germanium), etc.
Addition to the following category (decimal) must not begin before the cell

‘ ab=ihiseoerl of this category has changed into the stable state; that is,
in consideration of the possibility of carrylng-over, the impulse in the
busbar of the following category must lag behind the impulse of the pre=-
ceding by a time not less th:.m 20T, where AT is the duration of the memory

cell's change over from one stable state to the other, If we have a thirty=-

. place binary number (which corresponds to a ten-place decimal), then the
: impulse in the busbar of the highest category must lag behind the impulse
! in the unity busbar by not less than 240 microseconds (if we take the damping 3

time of the cell to be L microseconds), Here, as we can see, the carrying=- E

over can be accomplished in the process of addition and lot isolated into
a separate operation. The rectifying elements shown in Figure 13 serve the

purpose of separating the circuits so that, for example, a negative impulse

-2 -
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fed to the decimal category is not tranemitted to the unity eategery, ete,

f
(]
1
!
i

Concerning the neceseary time difference between impulses tranemitted through
the variouas categories' busbars, if & number is fed into the counter from &
dynamic memory device (see below), then this difference ocsn be obtained auto=
matically in the element of thie memory itself; but if the number is fed from
a static device (for example, from another counter of the same type), then
the necessary time difference can be obtained through the employment of
special retarding lines through which impulses pass not instantaneously, i
but in the course ol a given time interval,

The system of consecutive operation has lLecome wlde=spread in the purely
dynamic systems, in the so-called dynamic devices the numbers (ciphers) sre
represented only as successlve impulses, and not as a system of static stete
(starie reppesenistion, compare memory cells). Such a series: of impulses
can circulate in the special elements of a dynamic memory, survive indef-
initely, and then be summoned into the counter, when necessary, to carry
out an arithmetic operation on a number, f\xe result of which operation
can be sent back to the memory element, In l'igure 1l is shown the dynamic
repressntation of & number in the binary system., The whole number (ciphers }
of all categories) is transmitted on one lead in the form of a series of
impulses, In the latter systems they obiain a difference (in time) of
0.5 microsecond® ‘between the ciphers of different categories, and the breadth
of each impulse is a little less than its amplitude, Correspondiny to unity
in a given catepory is the presernce of an impulse in this catepory's place
(in time), while zero is represented by the absence of an impulse, during
which the progress of the categories is from left to right (unity in the
very left hand spot), Thus an eight-place binary number is allocsted an
interval of time equal to L microseconds, Individual numbers are separated

one from another by broad marking impulses, In Figure 1 is represented

the number 1101011 or 235 in the decimal system.
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Let us Lave two leads through wiich compenents, in the form ol series
ot impulses, are féd, and we must obtein on a third lead & ecries of im=
pulses correspending te the sum of these numbers and direct the latter to
the dynamic memory element, Before building the skeleton cireuit of such &
counter out of elements. alreadCy knewn to us, let us exanine the .onerel
character of the operations which it must fulfil, The counter in general
possecses three inputs and twe outpute (Figure 15). Through one output,
for example A, one component is fed, end through snother, B, another com=
ponent, both fed in such a wey that the impulses representing the lower
cotegeries enter first, The counter nmat ~perite in sunh & manner that
when an impulse is present at & gliven moment on busber A or busbar B an ine
pulse will sppear in the output busber D. When there are impulses simultan=
eously present on A and B (operation 1 + 1 = GI and carrying=over to the next
category) there will be no impulse on Lasbar D, whereas there must be an ime
pulse on output bushar C (& carrying=over impulse) which, after passing
through the retarding line in 0,5 microseconds, is fed into C (the input of
carrying=over) at the same moment that the impulses of the following, higher
category are fed into the input busburs A and B, In the sense of the oper=
ation of the machine input ¢ (carrying=-over) is equally as important as in-
puts A and B. Therefore the entry of the impulse intouinput C at the time
of the following cetegory is equivalent to adding one to this category, that
is, the execution of the carrying=-over operalion, In &ll the counter must
excoute eight possible combinations (see table).

The specified possible combinations can lead to the following arith=
metical operaticéns:

1., One impulse on any one inpul produces as a result one impulse to
the output busbar but produces no carrying=over impulse (1 + O+ 0 = 1)

2, Impulses on any two inputs do not produce an impulse on the output

busbar, but create & carrying-over impulse (1 + 1+ O ™ O and carrying-over),

- 206 =
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3. Impulaes on all three inputs orrate an impulse en the owtput busbar
and an impulse of carrying=over (L=1=1%=18nd carrying=over).

We can express the three nossible arithemetic operations executed Ly the

S iy b R W AT bbb 21

gounter, adduced, turough the logleal operationﬁa Mpoth . . » » and", "either
W o o o or', Mand o o and . o and", which can be correspondin.ly performed ;
Ly valves and separator cirouitss |
1. (A and B) or (A and c), or (B and ¢) produce the carrying-over ime
pulse (thie corresponds to aritifgmetic operatien number 2), but produce no
impulse on busbar De
2, A or B or C produce an impulse on the output busbar only 1f none of
the "and" cases of the preceding point tuke place, In the contrary case
this combination "and" closes the vulvrb, opening the output busbar.
8, Aand B and C produce an ingulee in the cutput busbar and an impulse
of carrying-over.
Having in view the necessity of applying the Abo%u adduced loglicel oper=
ations with the counter, we will set up ite skeleton circuit from elementary
velve and separator circuite (Pigure 16)., To carry out operstion (1) we will
fesd the inputs A, B, and C into valves number 1, 2, and 3, applying (A and |
B), (A and c), (B ard C)s The operation Vor! between these braces is accom= ‘
plished through geparator circuit L, whose: output is fed into the output

carrying-over line Ce. Logicalzgperation (2) is cerried out by separator

circuit 63 the output ol this circuit is fed into the output busbar D through
valves 7, 8, 9, and the geparator circuitilO. The presence of the closing

valves 7, 1, and 9 is called forth by the necessity of not allowing the im=

e i B

b

(38
h

pulse: from separator circult 6 into the output busbar, if some one of the {
combinations (A and B), (A and ¢), or (B and ¢), For this the outputs of i

valves 1, 2, and 3 are connected through inverter tubes (not shownn in the

M FAE TS

skeleton circuit for aimplidiiity) with one each of the inputs of valves 7,

-

8, and 9, which are closed in the presence of an impukse on the output bus=

bare of velves 1, 2, or 3. The last logical operation (3) (A and B and c)

-27 =

GONFIDENTIAL

Declassified in Part - Sanitized Copy A
py Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110067-6 |



Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110067-6

L CONFIDENT)A

is spplied by valve:ll (with three inpute), whese autput impulse is fed
through separator cireuit 10 to:the output busbar of the counter. Moreover,
an impulse of carrying=over will take place in busbar C, since when (A and
B and C) takes plaece, (A and B), (A and C), (B and C) automatically takes

place,

From Uop Mat Nauk No, 3, 1549 pp 69-124

[Figure’refurrod to ar_e available in CIA in the oripinal documen£7
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